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1

SEALING PATCH FOR ELECTROLYTE FILL
HOLE

BACKGROUND

The present disclosure relates generally to the field of
batteries and battery modules. More specifically, the present
disclosure relates to sealing an electrolyte fill hole of a
battery cell.

This section 1s mtended to mtroduce the reader to various
aspects of art that may be related to various aspects of the
present disclosure, which are described below. This discus-
sion 1S believed to be helpiul 1n providing the reader with
background information to facilitate a better understanding,
of the various aspects of the present disclosure. Accordingly,
it should be understood that these statements are to be read
in this light, and not as admissions of prior art.

A vehicle that uses one or more battery systems for
providing all or a portion of the motive power for the vehicle
can be referred to as an xEV, where the term “xEV” 1s
defined herein to include all of the following vehicles, or any
variations or combinations thereot, that use electric power
for all or a portion of their vehicular motive force. For
example, XxEVs include electric vehicles (EVs) that utilize
clectric power for all motive force. As will be appreciated by
those skilled 1n the art, hybrid electric vehicles (HEVSs), also
considered xEVs, combine an internal combustion engine
propulsion system and a battery-powered electric propulsion
system, such as 48 Volt (V) or 130V systems. The term HEV
may include any variation of a hybrid electric vehicle. For
example, full hybrid systems (FHEVs) may provide motive
and other electrical power to the vehicle using one or more
clectric motors, using only an internal combustion engine, or
using both. In contrast, mild hybrid systems (MHEVs)
disable the internal combustion engine when the vehicle 1s
idling and utilize a battery system to continue powering the
air conditioning umt, radio, or other electronics, as well as
to restart the engine when propulsion i1s desired. The mild
hybrid system may also apply some level of power assist,
during acceleration for example, to supplement the internal
combustion engine. Mild hybnids are typically 96V to 130V
and recover braking energy through a belt or crank inte-
grated starter generator. Further, a micro-hybrid electric
vehicle (mHEV) also uses a “Stop-Start” system similar to
the mild hybrids, but the micro-hybrid systems of a mHEV
may or may not supply power assist to the internal com-
bustion engine and may operate at a voltage below 60V. For
the purposes of the present discussion, 1t should be noted
that mHEV's typically do not technically use electric power
provided directly to the crankshait or transmission for any
portion of the motive force of the vehicle, but an mHEYV may
still be considered as an XEV since it does use electric power
to supplement a vehicle’s power needs when the vehicle 1s
idling with the internal combustion engine disabled and
recovers braking energy through an integrated starter gen-
erator. In addition, a plug-in electric vehicle (PEV) 1s any
vehicle that can be charged from an external source of
clectricity, such as wall sockets, and the energy stored in the
rechargeable battery packs drives or contributes to drive the
wheels. PEVs are a subcategory of EVs that include all-
clectric or battery electric vehicles (BEVs), plug-in hybnd
clectric vehicles (PHEVs), and electric vehicle conversions
of hybrid electric vehicles and conventional internal com-
bustion engine vehicles.
xEVs as described above may provide a number of
advantages as compared to more traditional gas-powered
vehicles using only internal combustion engines and tradi-
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tional electrical systems, which are typically 12V systems
powered by a lead acid battery. For example, xEVs may
produce fewer undesirable emission products and may
exhibit greater fuel efliciency as compared to traditional
internal combustion vehicles and, 1n some cases, such XEVs
may eliminate the use of gasoline entirely, as 1s the case of
certain types of EVs or PEVs.

As technology continues to evolve, there 1s a need to
provide improved power sources, particularly battery mod-
ules, for such vehicles. For example, many battery modules
for xEVs may use battery cells having a liquid electrolyte for
ion conduction between electrodes. The liquid electrolyte
may be 1njected into the battery cells via an electrolyte fill
hole on the battery cell housing, and the electrolyte fill hole
may then be sealed. However, many processes for sealing an
clectrolyte fill hole may cause the housing to be weakened.
In some 1nstances, electrolyte may leak from the battery cell
through cracks 1n the housing, while other contaminants
introduced during the manufacturing process and/or during
use may leak into the battery cell through the cracks in the
housing. Accordingly, 1t 1s now recogmzed that 1t would be
beneficial to improve the processes for sealing the electro-
lyte fill hole 1n a manner that avoids compromising the
structural integrity of the battery cell housing or the fill hole
seal 1tself (e.g., around the sealed electrolyte fill hole).

SUMMARY

A summary of certain embodiments disclosed herein 1s set
forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary
of these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this
disclosure may encompass a variety of aspects that may not
be set forth below.

In a first embodiment, a lithium-1on battery cell includes
an enclosure that includes a casing and a lid. The enclosure
has an electrolyte fill hole disposed on a surface of the casing
opposite the lid. An electrochemical cell 1s disposed within
the enclosure. Additionally, a sealing patch 1s laser welded
to the surface of the casing around the electrolyte fill hole,
wherein the sealing patch 1s configured to seal the electrolyte

fill hole.

In a second embodiment, a method of manufacturing a
lithium-10n battery cell includes injecting a liquid electrolyte
into a cavity of an enclosure of the lithium-ion battery cell
via an electrolyte fill hole formed in the enclosure. The
method includes disposing a sealing patch over the electro-
lyte i1l hole, wherein the sealing patch covers the electrolyte
f1ll hole and the surface of the enclosure around the elec-
trolyte fill hole; and laser welding the sealing patch to the
surface of the enclosure around the electrolyte fill hole. The
weld between the sealing patch and the surface of the
enclosure 1s a partial penetration weld.

In a third embodiment, a lithium-ion battery module
includes a housing having at least two terminals and a
plurality of battery cells disposed within the housing and
clectrically coupled to the at least two terminals. Each
battery cell of the plurality of battery cells includes an
enclosure comprising a casing and a lid, wherein the enclo-
sure has an electrolyte fill hole configured to receive an
clectrolyte and a sealing patch disposed over the electrolyte
{11l hole. The electrolyte fill hole 1s disposed on a surface of
the casing opposite the lid and the sealing patch 1s laser
welded to a surface of the casing around the electrolyte fill
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hole. The weld between the sealing patch and the surface of
the enclosure 1s a partial penetration weld.

DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:

FIG. 1 1s a schematic view of an embodiment of an xEV,
in accordance with an embodiment of the present approach;

FIG. 2 1s a partial schematic view of the xEV of FIG. 1,
illustrating power distribution throughout the xEV, 1n accor-
dance with an embodiment of the present approach;

FIG. 3 1s a perspective view of a battery module for use
in the battery system of FIG. 1, in accordance with an
embodiment of the present approach;

FIG. 4 1s an exploded perspective view of the battery
module of FIG. 3, 1n accordance with an embodiment of the
present approach;

FIG. 5 15 a perspective view of an embodiment of a battery
cell for use 1n the battery module of FIG. 4, the battery cell
having an electrolyte fill hole and a sealing patch, in
accordance with an embodiment of the present approach;

FIG. 6 1s a cross-sectional view of the bottom wall of the
battery cell of FIG. 5, 1n accordance with an embodiment of
the present approach;

FIG. 7 1s an overhead view of the weld between the
sealing patch and the bottom wall of the battery cell of FIG.
5, 1 accordance with an embodiment of the present
approach

FIG. 8 1s a graph depicting the power output of the laser
used to laser weld the sealing patch to the bottom wall of the
battery cell of FIG. 5, 1n accordance with an embodiment of
the present approach;

FIG. 9 1s a cross-sectional view of the weld between the
sealing patch and the bottom wall of the battery cell of FIG.
5, 1 accordance with an embodiment of the present
approach;

FIG. 10 1s a perspective view of another embodiment a
battery cell being assembled for use 1n the battery module of
FIG. 4, the battery cell having an electrolyte fill hole and a
sealing patch, 1 accordance with an embodiment of the
present approach;

FIG. 11 1s a perspective view ol another embodiment a
battery cell being assembled for use 1n the battery module of
FIG. 4, the battery cell having an electrolyte fill hole and a
sealing patch, 1 accordance with an embodiment of the
present approach;

FIG. 12 1s a perspective view of another embodiment a
battery cell being assembled for use 1n the battery module of
FIG. 4, the battery cell having an electrolyte fill hole and a
sealing patch, 1in accordance with an embodiment of the
present approach; and

FIG. 13 1s a flowchart 1llustrating a method of sealing the
clectrolyte fill hole on the battery cell of FIG. 4, 1n accor-
dance with an embodiment of the present approach.

DETAILED DESCRIPTION

One or more specilic embodiments will be described
below. In an eflort to provide a concise description of these
embodiments, not all features of an actual implementation
are described in the specification. It should be appreciated
that 1n the development of any such actual implementation,
as 1n any engineering or design project, numerous imple-
mentation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-
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related and business-related constraints, which may vary
from one implementation to another. Moreover, 1t should be
appreciated that such a development effort might be com-
plex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclo-
sure.

The battery systems described herein may be used to
provide power to various types of electric vehicles (xEVs)
and other high voltage energy storage/expending applica-
tions (e.g., electrical grid power storage systems). Such
battery systems may include one or more battery modules,
cach battery module having a housing and a number of
battery cells (e.g., lithium-ion (LL1-10n) electrochemical cells)
arranged within the housing to provide particular voltages
and/or currents useful to power, for example, one or more
components of an XEV. As another example, battery mod-
ules 1n accordance with present embodiments may be 1ncor-
porated with or provide power to stationary power systems

(e.g., non-automotive systems).

Individual battery cells within the disclosed battery sys-
tems may use a liquid electrolyte, which may be mjected
into the cavity of the battery cell via an electrolyte fill hole
formed 1n the battery cell casing (the housing of the cells).
In some processes, the electrolyte fill hole 1s sealed after
injection using, for example, a rivet, plug, or ball. The plug
or ball may be made of a material that expands to seal the
clectrolyte fill hole. In some embodiments, a gasket or
washer may be disposed around the electrolyte fill hole 1n
addition to another sealing element such as the rivet, plug,
and ball mentioned above. Further, 1n some embodiments,
welding (e.g., traditional, ultrasonic) may be used in lieu of
or 1 addition to other methods of sealing the electrolyte fill
hole. However, 11 the material around the electrolyte fill hole
1s not uniform 1in structure, then the sealing process (e.g., the
expansion of the plug or ball, imnsertion of the rivet, attach-
ment of the gasket) may cause, as an example, small cracks
to form around the electrolyte fill hole. Electrolyte may then
leak from the battery cell through the small cracks, while
other contaminants introduced during manufacturing and
use may leak into the battery cell through the small cracks.

It 1s now recognized that, 1n some embodiments, the
clectrolyte fill hole may be sealed by laser welding a sealing
patch to the surface of the battery casing around the elec-
trolyte fill hole to minimize the amount and severity of
cracks formed around the electrolyte fill hole. Indeed, 1n
certain embodiments, the weld depth may extend only
partially through the surface of the casing, which may
reduce the likelihood and severity of crack formation (or
similar structural deformations) in the surface. Additionally,
prior to laser welding or during the laser welding process,
the surface of the casing may be ablated with a laser to
remove electrolyte residue and contaminates near the elec-
trolyte fill hole. The electrolyte fill hole may also be formed
on a bottom wall of the casing, as opposed to a top surface
that may include terminals, vents, and other components that
may introduce non-uniformity in the structure of the surtace.
Finally, in some embodiments, other methods of sealing
such as epoxies and plastic stoppers may be used 1n con-
junction with the sealing patch.

With the foregoing in mind, FIG. 1 1s a perspective view
of an XxEV 10 1n the form of an automobile (e.g., a car)
having a battery system 12 in accordance with present
embodiments for providing all or a portion of the power
(e.g., electrical power and/or motive power) for the vehicle
10, as described above. Although the xEV 10 may be any of
the types of XxEVs described above, by specific example, the
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xEV 10 may be a mHEYV, including an internal combustion
engine equipped with a microhybrid system which includes
a start-stop system that may utilize the battery system 12 to
power at least one or more accessories (e.g., AC, lights,
consoles, etc.), as well as the 1gnition of the internal com-
bustion engine, during start-stop cycles. Further, although

the xEV 10 1s 1illustrated as a car in FIG. 1, the type of
vehicle may differ in other embodiments, all of which are
intended to fall within the scope of the present disclosure.
For example, the xEV 10 may be representative of a vehicle
including a truck, bus, industrial vehicle, motorcycle, rec-
reational vehicle, boat, or any other type of vehicle that may
benefit from the use of electric power.

As shown 1n FIG. 1, the battery system 12 may be placed
in a location 1n the vehicle 10 that would have housed a
traditional battery system. For example, as illustrated, the
vehicle 10 may include the battery system 12 positioned
similarly to a lead-acid battery of a typical combustion-
engine vehicle (e.g., under the hood of the vehicle 10).
Alternately, the battery system 12 may be positioned 1n the
trunk or rear of the vehicle. In general, the location of the
battery system 12 may differ within individual vehicles 10
based on a variety of factors. For example, the position of
the battery system 12 may be selected based on the available
space within a vehicle, the desired weight balance of the
vehicle, and the location of other components used with the
battery system 12 (e.g., battery management systems, vents
or cooling devices, etc.).

A more detailed view of the battery system 12 1s described
in FIG. 2. As depicted, the battery system 12 includes an
energy storage component 14 coupled to an 1gnition system
16, an alternator 18, a vehicle console 20, and optionally to
an electric motor 22. Generally, the energy storage compo-
nent 14 may capture/store electrical energy generated 1n the
vehicle 10 and output electrical energy to power electrical
devices 1n the vehicle 10.

In other words, the battery system 12 may supply power
to components of the vehicle’s electrical system, which may
include radiator cooling fans, climate control systems, elec-
tric power steering systems, active suspension systems, auto
park systems, electric o1l pumps, electric super/turbocharg-
ers, electric water pumps, heated windscreen/defrosters,
window lift motors, vanity lights, tire pressure monitoring
systems, sunrool motor controls, power seats, alarm sys-
tems, infotainment systems, navigation features, lane depar-
ture warning systems, electric parking brakes, external
lights, or any combination thereof. Illustratively, in the
depicted embodiment, the energy storage component 14
supplies power to the vehicle console 20 and the 1gnition
system 16, which may be used to start (e.g., crank) the
internal combustion engine 24.

Additionally, the energy storage component 14 may cap-
ture electrical energy generated by the alternator 18 and/or
the electric motor 22. In some embodiments, the alternator
18 may generate electrical energy while the internal com-
bustion engine 24 1s running. More specifically, the alterna-
tor 18 may convert the mechanical energy produced by the
rotation of the imternal combustion engine 24 into electrical
energy. Additionally or alternatively, when the vehicle 10
includes an electric motor 22, the electric motor 22 may
generate electrical energy by converting mechanical energy
produced by the movement of the vehicle 10 (e.g., rotation
of the wheels) into electrical energy. Thus, 1n some embodi-
ments, the energy storage component 14 may capture elec-
trical energy generated by the alternator 18 and/or the
clectric motor 22 during regenerative braking. As such, the
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alternator 18 and/or the electric motor 22 are generally
referred to herein as a regenerative braking system.

To facilitate capturing and supplying electric energy, the
energy storage component 14 may be electrically coupled to
the vehicle’s electric system via a system bus 26. For
example, the bus 26 may enable the energy storage compo-
nent 14 to receive electrical energy generated by the alter-
nator 18 and/or the electric motor 22. Additionally, the bus
26 may enable the energy storage component 14 to output
clectrical energy to the ignition system 16 and/or the vehicle
console 20. Accordingly, when a 12 volt battery system 12
1s used, the bus 26 may carry electrical power typically
between 8-18 volts.

Additionally, as depicted, the energy storage component
14 may include multiple battery modules. For example, 1n
the depicted embodiment, the energy storage component 14
includes a lithium 1on (e.g., a first) battery module 28 and a
lead-acid (e.g., a second) battery module 30, which each of
which may include one or more battery cells. In other
embodiments, the energy storage component 14 may include
any number of battery modules. Additionally, although the
lithium 10n battery module 28 and lead-acid battery module
30 are depicted adjacent to one another, they may be
positioned 1n different areas around the vehicle. For
example, the lead-acid battery module 30 may be positioned
in or about the interior of the vehicle 10 while the lithium 1on
battery module 28 may be positioned under the hood of the
vehicle 10.

In some embodiments, the energy storage component 14
may 1include multiple battery modules to utilize multiple
different battery chemistries. For example, when the lithium
ion battery module 28 1s used, performance of the battery
system 12 may be improved since the lithium 10n battery
chemistry generally has a higher coulombic efliciency and/
or a higher power charge acceptance rate (e.g., higher
maximum charge current or charge voltage) than the lead-
acid battery chemistry. As such, the capture, storage, and/or
distribution efliciency of the battery system 12 may be
improved.

To facilitate controlling the capturing and storing of
clectrical energy, the battery system 12 may additionally
include a control module 32. More specifically, the control
module 32 may control operations ol components 1n the
battery system 12, such as relays (e.g., switches) within
energy storage component 14, the alternator 18, and/or the
clectric motor 22. For example, the control module 32 may
regulate amount of electrical energy captured/supplied by
cach battery module 28 or 30, perform load balancing
between the battery modules 28 and 30, determine a state of
charge of each battery module 28 or 30, sense operation
parameters such as the voltage and temperature of each
battery module 28 or 30, control voltage output by the
alternator 18 and/or the electric motor 22, and the like.
Although the control module 32 is illustrated 1n FIG. 2 as
being separate from the energy storage component 14, 1t
may be integrated into the energy storage component 14 or
integrated into one or more battery modules 28 and 30.

The control module 32 may include one or more proces-
sors 34 and one or more memories 36. More specifically, the
processor 34 may include one or more application specific
integrated circuits (ASICs), one or more field programmable
gate arrays (FPGAs), one or more general purpose proces-
sors, or any combination thereof, under software or firmware
control as appropriate. Additionally, the memory 36 may
include volatile memory, such as random access memory
(RAM), and/or non-volatile memory, such as read-only
memory (ROM), optical drives, hard disc drives, or solid-




US 10,396,343 B2

7

state drives. In some embodiments, the control module 32
may include portions of a vehicle control unit (VCU) and/or
a separate battery control module.

While the battery modules 1n the energy storage compo-
nent 14 may be connected 1n any suitable arrangement, for
the purposes of the examples discussed herein, the lithium
ion battery module 28 and the lead-acid battery module 30
are connected 1n parallel across their terminals. In other
words, the lithium 1on battery module 28 and the lead-acid
module 30 may be coupled in parallel to the vehicle’s
clectrical system via the bus 26.

Turning to FIG. 3, present embodiments include the
lithium 10n battery module 28, which may be considered
generally representative of a battery module that 1s a non-
lead acid battery (e.g., a battery module including ultraca-
pacitors, nickel-zinc batteries, nickel-metal hydride batter-
ies, and lithium batteries). Further, the lithium 1on battery
module 28 may include certain features that facilitate the
relatively easy and cost eflicient manufacture of the lithium
ion battery module 28. Additionally, the lithium 10n battery
module 28 may include features that enable a relatively
small packaging of the lithium 1on battery module 28, such
that the lithium 10n battery module 28 may conform to an
overall geometry or dimensions that are comparable to, or
smaller than, the dimensions of a lead-acid battery, as noted
above.

In the illustrated embodiment, the lithium 1on battery
module 28 includes a lower housing 38 and a cover 40 that
are coupled together to form an enclosure of the lithium 10n
battery module 28. As described 1n detail below, this enclo-
sure may hold a number of prismatic battery cells, bus bars,
printed circuit boards, and other equipment used to store and
provide power at a desired voltage output. The battery
terminals 42 and 44 extend out of the enclosed lithium 10n
battery module 28 for coupling of an external load to the
lithium 10n battery module 28.

FI1G. 4 1s an exploded perspective view of the lithium 10n
battery module 28 of FIG. 3. As illustrated, the lithium 10n
battery module 28 may include, among other things, the
lower housing 38, battery cells 48 disposed in the lower
housing 38, a lid assembly 50, a printed circuit board (PCB)
assembly 52, battery terminals 42 and 44, and the cover 40.
The lower housing 38 and the cover 40 form an outer
enclosure for the lithium 1on battery module 28, and the
battery cells 48, the Iid assembly 50, and the PCB assembly
52 are held within this enclosure. The battery terminals 42
and 44 are configured to protrude out of the enclosure
tormed by the lower housing 38 and the cover 40, 1n order
to facilitate attachment of an outside electric load to the
lithium 10n battery module 28.

In the illustrated embodiment, the lithrum ion battery
module 28 includes a plurality of individual battery cells 48.
As 1llustrated, the battery cells 48 may be arranged in a
face-to-face, or stacked, orientation relative to each other.
The battery cells 48 may be coupled in series within the
lithium 10n battery module 28 to provide a desired voltage
output. Although the illustrated embodiment includes thir-
teen such battery cells 48, the lithium 10n battery module 28
may 1include any number of individual battery cells 48
coupled together 1n series, parallel, or a combination thereof,
to provide the desired voltage output. Further, in some
embodiments, the size, design, and other features of the
battery cells 48 may differ from those shown.

Each battery cell 48 includes a casing 54, as shown in
FIG. 5. The casing 54 1s a structure that has walls (e.g., three,
four) defining a cavity 33 that contains the electrochemical
clements 56 (e.g., positive and negative electrodes) of the
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battery cell 48. For example, 1n certain embodiments, the
casing 54 may consist of a single prismatic piece of material
formed to include a cavity while 1n other embodiments, the
casing 54 may consist of one or more piece ol material
coupled to one another to form a prismatic shape and include
a cavity. The casing may be made of metal (e.g., aluminum),
a polymer, or any suitable combinations. A lid 37 1s then
coupled to the casing 54 to seal the cavity 355. Thus, the
casing 34 and the Iid 57 may form an enclosure for the
battery cell 48. One or more cell terminals 58 may protrude
from the casing 54 or the lid 57; the cell terminals 38 may
extend through an aperture formed in the casing 54 or lid 57
or may be formed from the casing 54 or lid 57. For instance,
FIG. 5, as well as subsequent figures, depicts an embodiment
of the battery cell 48 in which the cell terminals 38 protrude
from a bottom wall of the casing 54. The cell terminals 58
of the battery cell 48 are electrically coupled to the corre-
sponding cell terminals 58 of the other battery cells 48, as
shown 1n FIG. 4, to produce a certain voltage and capacity
at the battery terminals 42 and 44.

The battery cell 48 also includes an electrolyte fill hole 60
disposed on a bottom wall 62 opposite the lid 57. The
clectrolyte fill hole 60 enables a liquid electrolyte to be
injected 1nto the cavity of the casing 34. In some embodi-
ments, the electrolyte fill hole 60 1s then sealed using a rivet,
plug, ball, gasket, and/or various types of welding (e.g.,
traditional, ultrasonic, etc.). However, 11 the structure of the
l1d 57 1s not uniform around the electrolyte fill hole 60, then
small cracks may form on the bottom wall 62 around the
clectrolyte fill hole 60 during the sealing process. Electrolyte
may then leak from the cavity of the battery cell 48 through
the small cracks. Additionally, contaminants from the manu-
facturing process of the lithium 1on battery module 28 as
well as from average use may be introduced into the cavity
through the small cracks.

To minimize the amount and severity of cracks in the
bottom wall 62, and any corresponding contamination and/
or leakage, the electrolyte fill hole 60 may be sealed using
a substantially flat sealing patch 64. The sealing patch 64
may be a disk, or any other suitable shape, of aluminum foil
or any other suitable material. In certain embodiments, the
sealing patch 64 may have a thickness of 150 microns to 300
microns, which may enable the sealing patch to be coupled
to the bottom wall 62 using laser welding processes. That 1s,
the sealing patch 64 may have a thickness chosen to reduce
the amount of power used by the laser to weld the sealing
patch 64, thereby reducing an energy consumption of the
laser welding system. For instance, in certain embodiments,
the sealing patch 64 may have a thickness chosen such that
the peak power output of the laser welding process 1s 1500
W to 2200 W. The sealing patch 64 may have a diameter of
6 mm to 10 mm, while the electrolyte fill hole 60 may have
a diameter of 2.5 mm to 4 mm. That 1s, the sealing patch 64
may be designed such that it covers not only the electrolyte
fill hole 60 but also a portion of the surface around the
clectrolyte 111l hole 60.

As noted above, the electrolyte fill hole 60 may be located
on the bottom wall 62 of the battery cell 48. That 1s, the
clectrolyte fill hole 60 may be located on a wall of the casing
54 opposite the lid 57, similar to the location of the cell
terminals 58. However, 1t 1s within the scope of the present
disclosure for the electrolyte 1ill hole 60 to be located on any
surface or wall of the casing 54 (e.g., the Iid 57).

As shown 1n FIG. 6, a portion 63 of the bottom wall 62
around the electrolyte fill hole 60 may be raised 1n certain
embodiments to better facilitate access to the electrolyte fill
hole 60. In particular, FIG. 6 depicts an embodiment in
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which a portions 63 of the bottom wall 62 1s raised relative
to an edge 65 between the bottom wall 62 and another
surface (e.g., a stdewall) of the casing 54. When sealing the
clectrolyte fill hole 60, the bottom wall 62 around the
clectrolyte {ill hole 60 may be ablated using a laser. The
ablation may etch the surface around the electrolyte fill hole
60 to remove electrolyte residue from the injection process
(as well as contaminants) near the electrolyte {fill hole 60.
The sealing patch 64 may then be placed over the electrolyte
{111 hole 60 and laser welded to the bottom wall 62 to seal the
clectrolyte fill hole 60. The sealing process may employ a
pulsed continuous width fiber laser with a pulse rate between
150 Hz and 250 Hz, although other types of laser welding
such as gas laser welding may be used. As shown in FIG. 7,
the spot size of the laser may range from 200 microns to 300
microns, and may follow a weld pattern 70 that has an outer
diameter from 4 mm to 8 mm. As noted above, the diameter
of the electrolyte fill hole 60 may range from 2.5 mm to 4
mm, which 1s less than that of the weld pattern 70, while the
diameter of the sealing patch 64 i1s between 6 mm and 10
mm. Accordingly, there may be a clearance between the
edge of the sealing patch 64 and the periphery of the weld
pattern 70.

FIG. 8 depicts the power output of the laser during each
pass of the laser weld. The pulse may have a substantially
flat portion for a short period of time followed by a tapered
portion for the remainder of the pulse duration. For instance,
FIG. 8 depicts a pulse that ranges from 1650 W to 1700 W
for the first 0.5 ms to 1 ms, before dropping to a value
between 800 and 850 W and then tapering to 0 W at 5 ms.
In certain embodiments, the multi-pass laser weld may be
completed 1n as little as 0.51 seconds.

The weld between the sealing patch 64 and the bottom
wall 62 may be a partial penetration weld, in that the weld
depth only partially penetrates the bottom wall 62 around the
clectrolyte fill hole 60. That 1s, as shown 1n FIG. 9, the laser
weld may have a depth 71 that is less than a thickness 72 of
the bottom wall 62. For example, FIG. 9 depicts an embodi-
ment 1n which the weld has a depth 71 of approximately 722
microns, which 1s less than the thickness 72 of the bottom
wall 62. The depth 71 may vary relative to the thickness 72.
For example, the depth 71 may be less than half of the
thickness 72 1n certain embodiments (e.g., the depth 71 1s U5
of the thickness 72), while in other embodiments, the depth
71 may be greater than half of the thickness 72 but less than
the thickness 72 (e.g., the depth 71 1s 3 or >4 of the
thickness 72). Using a partial penetration weld to seal the
clectrolyte fill hole 60 may reduce the likelihood and sever-
ity of crack formation in the bottom wall 62 around the
clectrolyte fill hole 60.

Further, in some embodiments, the sealing patch 64 may
be used 1 conjunction with other sealing devices. For
example, FIGS. 10 and 11 both depict the sealing patch 64
used 1n conjunction with a plastic stopper 73. The plastic
stopper 73 may be any suitable type of plastic having
substantially the same shape and size as the electrolyte fill
hole 60, and may be disposed within the electrolyte fill hole
60 to create a secondary seal. That 1s, the sealing patch 64
may be a primary seal included 1n all of the present embodi-
ments of the battery cell 48, while the plastic stopper 73 may
provide additionally sealing capability in certain embodi-
ments of the battery cell 48. The plastic stopper 73 may be
separate from the sealing patch 64, as shown 1n FIG. 10, or
may be coupled to the sealing patch 64, as shown 1n FIG. 11.
The plastic stopper 73 may also be tapered lengthwise or
along the longitudinal axis of the stopper, such that the top
of the plastic stopper 73 may be substantially the same size
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as the electrolyte fill hole 60 but may reduce 1n width down
the length of the plastic stopper 73. A tapered plastic stopper
73 may have a reduced surface area within the cavity 55 than
a non-tapered plastic stopper 73, which may result in a larger
amount of electrolyte within the cavity 55 compared to
embodiments that utilize a non-tapered plastic stopper 73.

As shown 1n FI1G. 12, an epoxy 74 may be disposed on the
bottom wall 62 around the electrolyte fill hole 60. The epoxy
74 may reinforce the structure of the bottom wall 62 and/or
may seal any cracks that form 1n the bottom wall 62 during
laser welding of the sealing patch 64. The epoxy 74 may be
disposed on the bottom wall 62 or after laser welding of the
sealing patch 64.

Turming now to FIG. 13, depicted 1s a flowchart of an
embodiment of a process 80 for sealing the electrolyte fill
hole 60 using the sealing patch 64. Although the process 80
1s described below i1n detail, the process 80 may include
other steps not shown in FIG. 13. Additionally, the steps
illustrated may be performed concurrently or in a different
order.

Beginning at block 82, electrochemical cell elements 56
may be deposited into the cavity 535 of the casing 34. That
1s, the positive and negative electrodes, as well as other
internal elements of the battery cell 48 (e.g., a separator)
may be disposed within the cavity. The cell terminals 38 of
the battery cell 48 extend through an aperture on the casing
56; the cell terminals 58 may be electrically insulated from
or may be electrically coupled to the casing 54 at block 82.

Next, at block 84, the 1id 57 may be aflixed to and coupled
to the casing 54, to seal the cavity 55. The Iid 57 may be
coupled to the casing 54 using a series of protrusions and
grooves on the lid 57 and the casing 54. Alternately or
additionally, the Iid 57 may be coupled to the casing 54 by
welding (e.g., laser welding, ultrasonic welding).

A liquid electrolyte may then be mnjected into the cavity 55
at block 86. As noted above, the electrolyte may be injected
into the cavity 55 via the electrolyte fill hole 60, which may
be located on the bottom wall 62 of the casing 54.

At block 88, the surface around the electrolyte fill hole 60
may be ablated with a laser. As noted above, ablating the
surface around the electrolyte fill hole 60 may remove
clectrolyte residue remaining on the casing from injection,
as well as contaminants on the surface.

The sealing patch 64 may be placed over the electrolyte
{111 hole 60 at block 90. As stated above, the sealing patch 64
may be designed to cover the electrolyte fill hole 60 as well
as a portion of the bottom wall 62 around the electrolyte fill
hole 60. Further, 1n embodiments of the battery cell 48 that
include the plastic stopper 73, the plastic stopper 72 may be
disposed 1n and/or around the electrolyte fill hole 60 prior to
the step 1llustrated by block 90. In other embodiments, the
epoxy 74 may be disposed after placing and welding the
sealing patch 64 over the electrolyte fill hole 60.

Finally, at block 92, the sealing patch 64 may be laser
welded to the bottom wall 62 around the electrolyte fill hole
60. The weld between the sealing patch 64 and the bottom
wall 62 may be a partial penetration weld to reduce the
amount and severity of crack formation in the bottom wall
62 around the electrolyte fill hole 60, as noted above.

One or more of the disclosed embodiments, alone or on
combination, may provide one or more techmcal effects
including reducing the amount of electrolyte leakage from a
battery cell. In particular, the disclosed embodiments may
reduce the amount and severity of cracks formed 1n a surface
of the battery cell during sealing of an electrolyte 1injection
hole, thereby reducing the amount of electrolyte leaking out
of the battery cell as well as contaminants leaking into the
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battery cell. For istance, the battery cell may include a
sealing patch laser welded around an electrolyte fill hole.
Using a partial penetration weld may reduce the amount and
severity of cracks formed in the surface of around the
clectrolyte fill hole. The electrolyte fill hole may be formed
on a bottom wall of the battery cell. That 1s, the electrolyte
{111 hole may be formed on a surface that does not include or
serve as a mount for other components (e.g., a cell terminal),
which may improve the uniformity of the structure of the
surface, thereby reducing the likelithood and severity of
crack formation during the sealing process. Other embodi-
ments may use other sealing methods in addition to the
sealing patch, such as epoxy around the electrolyte fill hole
and plastic stoppers located within the electrolyte fill hole.
The technical efiects and technical problems in the specifi-
cation are exemplary and are not limiting. It should be noted
that the embodiments described 1n the specification may
have other technical effects and can solve other technical
problems.

The specific embodiments described above have been
shown by way of example, and 1t should be understood that
these embodiments may be susceptible to various modifi-
cations and alternative forms. It should be further under-
stood that the claims are not intended to be limited to the
particular forms disclosed, but rather to cover all modifica-
tions, equivalents, and alternatives falling within the spirit
and scope of this disclosure.

The invention claimed 1s:

1. A Iithium-ion battery cell, comprising;:

an enclosure comprising a casing and a lid, the enclosure
having an electrolyte fill hole extending in an axial
direction through a surface of the casing opposite the
lid, wherein the electrolyte fill hole comprises a {first
diameter, and wherein the first diameter 1s constant
along the axial direction;

an electrochemical cell disposed within the enclosure;

a sealing patch laser welded to the surface of the casing
around the electrolyte fill hole, wherein the sealing
patch 1s configured to seal the electrolyte fill hole and
the sealing patch does not extend 1nto the electrolyte fill
hole;

a laser weld between the sealing patch and the casing,

wherein the laser weld 1s a partial penetration weld 1n

which a depth of the laser weld extends through an
entire thickness of the sealing patch and into the casing
between a quarter of a thickness of the casing around

the electrolyte fill hole and three quarters of the thick-
ness of the casing around the electrolyte fill hole, such

that a likelihood of crack formation 1n the surface of the
casing around the electrolyte fill hole 1s reduced; and

an epoxy disposed between the surface of the casing and
the sealing patch around the electrolyte fill hole,
wherein the epoxy 1s configured to seal cracks in the
enclosure generated during formation of the laser weld.

2. The lithium-1on battery cell of claim 1, wherein the
sealing patch 1s laser welded to the surface of the casing by

a laser pulse having a pulse rate between 150 Hz and 2350 Hz

and a spot size between 200 microns to 300 microns such

that a gap 1s formed between an edge of the sealing patch and
the weld between the sealing patch and the surface of the
casing.

3. The lithium-ion battery cell of claim 2, wherein the
sealing patch and the casing both comprise a metal.

4. The lithium-ion battery cell of claim 1, wherein the
sealing patch has a thickness to allow the sealing patch to be
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laser welded to the surface of the casing by a laser welding
process having a peak power output between 1500 W and
2200 W,

5. The lithium-1ion battery cell of claim 1, wherein the
sealing patch has a second diameter that 1s greater than the
first diameter, and the laser weld between the sealing patch
and the surface of the casing has a third diameter that is
greater than the first diameter and less than the second
diameter.

6. The lithium-1on battery cell of claim 1, comprising a
plastic stopper disposed within the electrolyte fill hole and

configured to provide additional sealing of the electrolyte fill
hole.

7. The lithium-1on battery cell of claim 6, wherein the
plastic stopper 1s tapered along the axial direction.

8. The lithium-1on battery cell of claim 1, wherein the
casing 1s a prismatic casing.

9. The lithium-1on battery cell of claim 1, wherein the
surface of the casing around the electrolyte fill hole 1s
ctched.

10. The lithrum-1on battery cell of claim 1, wherein the
clectrolyte fill hole 1s disposed 1n a base of the casing,
wherein the base of the casing 1s opposite the lid.

11. The lithtum-1on battery cell of claim 1, wherein a first
portion of the casing around the electrolyte fill hole 1s raised
relative to other portions of the casing.

12. A method of manufacturing a lithium-1on battery cell,
comprising:

injecting a liquid electrolyte into a cavity of an enclosure

of the lithhum-ion battery cell via an electrolyte fill
hole, wherein the enclosure comprises a casing, a lid,
and an electrochemical cell disposed within the cavity,
wherein the electrolyte fill hole extends 1n an axial
direction through a surface of the casing opposite the
l1d, wherein the electrolyte fill hole comprises a diam-
cter, and wherein the diameter 1s constant along the
axial direction;

disposing a sealing patch over the electrolyte fill hole,

wherein the sealing patch covers the electrolyte fill hole
and the surface of the casing around the electrolyte fill
hole to seal the electrolyte fill hole, and wherein the
sealing patch does not extend into the electrolyte fill
hole;

laser welding the sealing patch to the surface of the casing

around the electrolyte fill hole, wherein the weld
between the sealing patch and the surface of the casing
1s a partial penetration weld 1n which a depth of the
partial penetration weld extends through an entire
thickness of the sealing patch and into the casing
between a quarter of a thickness of the casing around
the electrolyte fill hole and three quarters of the thick-
ness of the casing around the electrolyte fill hole, such
that a likelihood of crack formation 1n the surface of the
casing around the electrolyte fill hole 1s reduced; and
disposing an epoxy on the surface of the casing around
the electrolyte fill hole, such that the epoxy 1s dis-
posed between the surface of the casing around the
clectrolyte fill hole and the sealing patch, wherein
the epoxy 1s configured to seal cracks in the enclo-
sure generated during the laser welding.

13. The method of claim 12, comprising ablating a surface
of the enclosure around the electrolyte fill hole after inject-
ing the liquid electrolyte and before disposing the sealing
patch over the electrolyte fill hole.

14. The method of claim 12, comprising disposing a
plastic stopper within the electrolyte fill hole after injecting,
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the liguid electrolyte and before laser welding the sealing
patch to the surface of the enclosure around the electrolyte

{11l hole.

15. The method of claim 12, wherein laser welding the
sealing patch to the surface of the enclosure comprises using
a laser pulse having a pulse rate between 150 Hz and 250 Hz
and a spot size between 200 microns to 300 microns.

16. A lithium-1on battery module, comprising:

a housing having at least two terminals;

a plurality of battery cells disposed within the housing and
clectrically coupled to the at least two terminals,
wherein each battery cell of the plurality of battery cells
comprises an enclosure comprising a casing and a lid,
wherein the enclosure comprises an electrolyte fill hole
configured to receive an electrolyte and a sealing patch
disposed over the electrolyte fill hole, wherein the
clectrolyte fill hole comprises a first diameter, the
sealing patch comprises a second diameter that 1s
greater than the first diameter, each battery cell com-
prises a plastic stopper that 1s separate from the sealing
patch, the plastic stopper 1s disposed within the elec-
trolyte fill hole, the plastic stopper 1s tapered along a
longitudinal axis i a direction of the electrolyte fill
hole through the enclosure, such that a first end of the
plastic stopper proximate the sealing patch has a first
width and a second end of the plastic stopper, opposite
the first end, has a second width less than the first
width, and the plastic stopper 1s configured to provide
additional sealing of the electrolyte fill hole; and
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a laser weld between the sealing patch and the casing,
wherein the laser weld between the sealing patch and
the casing comprises a third diameter that 1s greater
than the first diameter and less than the second diam-
cter, wherein the laser weld 1s a partial penetration weld
in which a depth of the laser weld extends into the

casing between a half of a thickness of the casing
around the electrolyte fill hole and less than a full
thickness of the casing around the electrolyte fill hole,
such that a likelihood of crack formation in the surface
of the casing around the electrolyte fill hole 1s reduced.

17. The lithium-1on battery module of claim 16, wherein
the electrolyte fill hole 1s disposed on a surface of the casing,
and wherein the surface of the casing i1s etched.

18. The lithium-1on battery module of claim 16, wherein
a first portion of the casing around the electrolyte fill hole 1s
raised relative to other portions of the casing.

19. The lithium-ion battery module of claim 16, wherein
the electrolyte fill hole 1s disposed on a surface of the casing,
and wherein each battery cell comprises an epoxy disposed
on the surface of the casing around the electrolyte {ill hole.

20. The Iithium-1on battery module of claim 16, wherein
the sealing patch comprises aluminum and the casing com-
prises aluminum.

21. The lithium-10n battery module of claim 16, wherein
the electrolyte fill hole 1s disposed 1n a base of the casing, the
base of the casing being opposite the lid.
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